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Abstract
Purposes:  To  determine  the  feasibility  of  MRI  for  imaging  subcutaneous  and  visceral  adiposity  in
longitudinal studies  in  obese  swine  models  (Iberian  pig).  To  establish  the  anatomical  regions  of
interest (ROIs)  and  measurement  points  (MPs)  adequate  for  their  evaluation  through  analyses
on the  inter-individual  variability  and  over-time  reproducibility  and  through  the  assessment  of
their reliability  and  validity  by  comparison  with  in  vivo  and  ex  vivo  zoometric  data.
Material  and  methods:  Five  male  and  ﬁve  female  pigs  were  used  from  four  (live  weight  around
48 kg  and  back-fat  depth  around  18  mm)  to  eight  months  old  (live  weight  134  kg  and  back-fat
depth around  48  mm).  MRI  was  carried  out  with  a  Panorama  0.23T  scanner  (Philips  Medical
Systems, Best,  Netherlands),  using  a  body/spine  XL  coil.
Results:  The  ROIs  of  election  for  visualization  of  subcutaneous  data  are  located  from  the  cranial
margin of  left  diaphragmatic  crura  to  the  lumbar  vertebrae  L3.  Visceral  adiposity  may  be  equally
evaluated from  the  vertebrae  L1  to  L3.
Conclusions:  MRI  allows  the  evaluation  of  subcutaneous  and  visceral  fatness  in  a  single  acqui-
sition, which  improves  animal  welfare  and  time-  and  cost-efﬁciency  and  provides  an  accurate,
consistent  and  repeatable  proce
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The  study  of  the  patterns  of  growth  and  fat  deposition
n  swine  and  the  knowledge  of  the  effects  from  endogenous
nd  exogenous  factors  (i.e.  genetics,  age  and  environmental
nﬂuences;  mainly,  nutrition)  on  adipogenesis,  anatomical
artitioning  and  accumulation  and  mobilization  of  fat  depots
ave  a  dual  purpose.  Firstly,  it  is  useful  for  animal  production
y  favoring  the  development  of  strategies  for  the  improve-
ent  of  pig  management  and  pork  products  [1]. Second,  it
s  useful  for  biomedicine  studies;  speciﬁcally,  on  obesity  [2].
Obesity  is  traditionally  more  prevalent  in  adults;  how-
ver,  its  incidence  during  childhood  is  increasing  at  an
larming  rate  (http://www.who.int/dietphysicalactivity/
hildhood/en/).  Moreover,  overweight  children  are  likely  to
evelop  in  obese  adults  with  higher  incidence  of  associated
isorders  like  diabetes  and  cardiovascular  disease.  Thus,  the
esearch  in  the  area  has  been  boosted,  both  by  epidemi-
logical  and  interventional  studies.  However,  mechanistic
xperimentation  is  not  affordable  in  human  beings  and
herefore,  animal  models  need  to  be  used.  Currently,  the  pig
s  widely  recognized  as  an  amenable  biomedical  model  for
esearch  in  obesity  because  it  shares  several  similarities  with
umans:  omnivorous  habits,  propensity  to  sedentary  behav-
or  and  obesity,  as  well  as  similar  metabolic,  gastrointestinal
nd  cardiovascular  features  [2—7].  Animal  experimentation
eeds  to  be  translational;  circumstance  absolutely  fulﬁlled
n  swine  since  its  body  size  allows  the  application  of  imag-
ng  techniques  and  the  serial  sampling  of  large  amounts  of
lood  and  tissues.  In  obesity  studies,  imaging  of  anatom-
cal  structures  and  measurement  of  whole  body  fat,  both
n  humans  and  animal  models,  may  be  performed  either  by
omputed  tomography  (CT)  or  magnetic  resonance  imaging
MRI).  Both  techniques  have  a  high  spatial  resolution  and  an
xcellent  delineation  of  anatomical  structures,  but  MRI  has
he  important  advantage  of  not  having  radiation  exposure
1,8,9].
The  present  study  was  developed  in  order  to  determine
he  feasibility  of  MRI  for  imaging  subcutaneous  and  visceral
diposity  in  longitudinal  studies  in  the  Iberian  pig,  a  swine
reed  with  predisposition  to  obesity  and  well-characterized
s  biomedical  model  for  metabolic  syndrome  and  type-2  dia-
etes  [10].  A  second  objective  of  the  experiment  was  to
nd  out  the  anatomical  regions  of  interest  (ROIs)  and  the
easurement  points  (MPs)  adequate  for  the  evaluation  of
ubcutaneous  and  visceral  fat;  the  selection  of  a  few  ROIs
nd  MPs  representatives  of  the  total  adiposity  would  reduce
he  time  of  the  MRI  scans  and  would  facilitate  its  application
n  practice.  The  different  ROIs  and  MPs  were  chosen  on  the
asis  of  anatomical  references;  their  adequacy  was  estab-
ished  through  analyses  on  the  inter-individual  variability
nd  over-time  reproducibility  and  through  the  assessment
f  their  reliability  and  validity  by  comparison  with  in  vivo
nd  ex  vivo  zoometric  data.
aterial and methods
nimals and  husbandryen  piglets  (5  males  and  5  females)  of  the  Iberian  breed
ere  used.  The  experiment  was  carried  out  under  Project
icense  from  the  INIA  Scientiﬁc  Ethic  Committee  and  ani-
al  manipulations  were  performed  according  to  the  Spanish
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olicy  for  Animal  Protection  RD1201/05,  which  meets  the
uropean  Union  Directive  86/609  about  the  protection  of
nimals  used  in  experimentation.  At  the  beginning  of  the
xperimental  procedure,  the  piglets  were  around  4  months
ld  and  had  a  mean  live  weight  around  48  kg  (ranging  from
7  to  51  kg)  and  a  mean  back-fat  depth  around  18  mm  (ran-
ing  from  15.1  to  22.5  mm).  These  animals  were  housed  in
ollective  pens  at  the  facilities  of  the  INIA  Animal  Labora-
ory  Unit  (Madrid,  Spain),  which  meets  the  requirements  of
he  European  Union  for  Scientiﬁc  Procedure  Establishments.
ll  the  piglets,  during  the  experimental  period,  had  ad  libi-
um  access  to  water  and  to  a  standard  grain-based  food  diet,
ith  mean  values  of  89.8%  of  dry  matter,  15.1%  of  crude  pro-
ein  and  6.3%  of  fat,  for  inducing  obesity.  Thus,  at  the  end
f  the  experiment,  when  the  pigs  were  8  months  old,  they
ad  a mean  live  weight  around  134  kg  (ranging  from  113  to
39.5  kg)  and  a  mean  back-fat  depth  around  48  mm  (ranging
rom  33.4  to  52.7  mm).
xperimental procedure
he  study  of  the  feasibility  of  MRI  measurement  at  different
natomical  references  for  determination  of  adiposity,  and
ge-  and  weight-related  changes,  was  carried  out  when  pigs
ere  4,  6  and  8  months  old.
Previously  to  each  MRI  scan,  all  the  pigs  were  weighed,
eight  being  expressed  in  kilograms.  At  the  same  time,
horacic  and  abdominal  circumferences  (TC  and  AC,  respec-
ively)  and  body-length  were  also  obtained,  in  meters,  by
eans  of  a  measuring  tape  whilst  back-fat  depth  was  deter-
ined,  in  millimeters,  at  the  level  of  the  head  of  the  last  rib
ith  a  SonoSite  S-Series  ultrasound  machine  equipped  with  a
ultifrequency  (5—8  MHz)  lineal  array  probe  (SonoSite  Inc.,
othell,  WA).  Data  from  weight  and  body  sizes  were  used  for
etermining  two  formulae  for  calculating  Body  Mass  Index
BMI).
The  ﬁrst  formula  (BMI1)  was  extrapolated  from  human
linical  studies:
eight (kg) /Length(m)2
The  second  formula  (BMI2)  takes  into  account  the  trunk
olume  and,  thus,  incorporated  values  of  thoracic  and
bdominal  circumferences  (TC  and  AC,  respectively),  indica-
ive  for  the  amount  of  total,  visceral  and  subcutaneous  fat
n  swine  [5,11,12]:
Weight (kg)
/3  ×  Length  × [(TC/2)2 + (AC/2)2 + (TC/2  ×  AC/2)
]
Afterwards,  the  pigs  were  examined  by  MRI,  as  described
elow,  after  sedation  with  xylazine  (Rompun,  Bayer  Ag,
everkusen,  Germany)  and  ketamine  (Imalgène  1000,
erial,  Lyon,  France),  and  anesthesia  with  isoﬂuorane
apors  (IsoFlo,  Laboratorios  Esteve,  Barcelona  Spain)  for
inimizing  stress  and  breathing  movements  during  scans.
t  8  months  old,  the  males  were  euthanized  and  ex  vivo
valuation  of  back-fat  depth  (at  the  level  of  the  head  of
he  last  rib,  comprising  from  skin  to  loin)  was  measured  by
eans  of  a  ruler  for  comparison  with  ultrasound  and  MRI
easurements.
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reproducibility of MPs
In  all  the  animals,  body-weight  and  body-size  increased
over  time  (P  <  0.0005;  Fig.  3).  Thus,  the  size  of  most  of  theMRI  in  obese  swine  
Magnetic Resonance Imaging and image
analysis
MRI  scanning  was  carried  out  by  means  of  a  Panorama
0.23T  scanner  (Philips  Medical  Systems,  Best,  Netherlands),
using  a  body/spine  XL  coil.  Animals  were  placed  in  lateral
recumbence.  Images  were  obtained  in  the  transverse  plane
using  a  T1  weighted  TSE  (turbo  spin-echo)  sequence,  from
the  thoracic  inlet  through  the  cranial  margin  of  the  ilium.
Parameters  were  optimized  to  obtain  a  good  image  quality
in  the  minimum  time  possible  (Table  1).  It  was  necessary  to
divide  the  scan  into  3  or  4  different  acquisition,  depending
on  animal  size  and  age.
The  images  were  analyzed  in  a  dedicated  workstation
using  the  ViewForum  R6.3V1L3  software  package  (Philips
Medical  Systems,  Best,  Netherlands).  The  determination  of
regions  of  interest  (ROIs)  was  based  on  the  identiﬁcation
of  anatomical  structures  easily  recognizable  in  observations
performed  in  different  individuals,  replicated  in  the  same
individuals  at  different  ages.  Based  on  their  disposition,
measurements  points  (MPs)  for  subcutaneous  fat  depots
were  based  on  lengths  whilst  MPs  for  visceral  depots  were
based  on  axial  areas.
Statistical analyses
Data  from  each  MP  in  each  ROI  and  each  scan  session
were  analyzed  using  SPSS® 19.0  (IBM,  NY,  USA).  In  order
to  determine  the  most  reliable  MP  in  each  ROI,  the  coef-
ﬁcient  of  variation  (CV)  was  calculated  for  each  MP,  with  a
CV  ≤  0.4  indicating  a  good  reliability.  In  addition,  the  inter-
nal  consistency  of  each  MP  over  time  was  analyzed  with
the  Cronbach’s  alpha  coefﬁcient  (CaC,  with  CaC  ≥  0.7  indi-
cating  a  good  internal  reliability).  The  selection  of  MPs
with  low  variation  between  genders,  individuals  and  scan
sessions  were  performed  based  on  a  combined  evaluation
of  both  CV  and  CaC.  The  consistence  of  such  candidate
MPs  was  determined  by  assessing  the  statistical  signiﬁcance
of  differences  over  time,  performed  by  analysis  of  vari-
ance  (ANOVA)  for  repeated  measurements  (split-plot  ANOVA)
and  by  Duncan  post-hoc  test  comparing  the  differences
within  measurements  over  time.  Statistical  signiﬁcance  was
accepted  from  P  <  0.05.  The  validation  of  the  subcutaneous
adiposity  measurement  was  performed  analyzing  the  differ-
ences  (T-student  test)  between  the  subcutaneous  adiposity
evaluated  with  MRI  and  the  ex  vivo  measurements  of  the  fat
Table  1  Parameters  of  Magnetic  Resonance  Imaging
(MRI)  for  the  evaluation  of  subcutaneous  and  visceral  fat
in  obese  swine.
TR  (ms)  600
TE  (ms)  16
Flip  angle  (◦) 90
Slice  thickness  (mm)  7
Space  between  slices  (mm) 7,7
FOV  (cm) 360—425  ×  268—510
Acquisition  matrix  240  ×  192
Number  of  averages  1
TR: repetition time; TE: echo time; FOV: ﬁeld of view.
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epot  postmortem;  a  satisfactory  validation  was  considered
hen  P  >  0.05,  which  indicates  absence  of  statistically  sig-
iﬁcant  differences.  Finally,  candidate  MPs  were  included  in
 stepwise  model  for  assessing  their  predictability  for  body
atness  (measured  by  body-weight,  TC,  AC,  BMI1,  BMI2  and
ack-fat)  by  Pearson  correlation  procedures,  where  statis-
ical  signiﬁcance  was  also  accepted  from  P  <  0.05.  Data  for
hanges  over  time  were  expressed  as  the  mean  ±  SEM.
esults
RI  scans  probed  to  be  highly  adequate  for  visualizing  adi-
ose  tissue  in  the  entire  body  and  for  accurately  determining
he  limits  and  measurements  of  fat  depots,  as  determined
y  validating  the  MRI  data  by  comparison  with  ex  vivo  mea-
urements.
etermination of ROIs and MPs for  evaluation
f subcutaneous and visceral fat
he  different  ROIs  and  MPs  identiﬁed  for  subcutaneous  and
isceral  fat  are  detailed  in  Figs.  1  and  2; ﬁve  ROIs  were
dentiﬁed  at  the  thorax,  while  three  ROIs  were  identiﬁed
t  the  abdomen  (Fig.  1).  Most  of  the  ROIs  and  MPs  were
stablished  by  using  skeletal  and  muscular  structures  as
natomical  references  (Fig.  2);  the  use  of  internal  organs
r  soft  tissues  had  a low  reliability  due  to  changes  in  their
osition,  either  by  individual  characteristics  of  the  piglets  or
y  their  positioning  in  the  scanner.  The  selection  of  a  single
OI  for  measurement  of  subcutaneous  and  visceral  fat  (or
he  selection  of  a  couple  of  ROIs,  one  for  each  one  of  the
easurements)  decreased  the  scan  time  from  35  minutes  to
pproximately  10—15  minutes.
nter-individual variability and over-timeigure 1. Schematic image of the adequate regions of interest
ROIs) for MRI evaluation of subcutaneous and visceral fat in obese
wine. The numbers represent: 1: cranial margin of the spine of
he scapula; 2: tracheal bifurcation; 3: caudal margin of the rhom-
oideus cervicis muscle; 4: caudal margin of the trapezius muscle;
: cranial margin of the left diaphragmatic crura; 6: transverse pro-
ess of the ﬁrst lumbar vertebrae (L1); 7: transverse process of the
econd lumbar vertebrae (L2); 8: transverse process of the third
umbar vertebrae (L3).
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tructures  measured  by  MRI  was  affected  by  the  age  of  the
ndividuals  and,  hence,  the  number  of  MPs  suitable  for  the
dequate  evaluation  of  fatness  was  limited  by  over-time
eproducibility.  The  second  limiting  factor  was  the  inter-
ndividual  variability,  although  this  value  was  low  for  most
f  the  MPs;  CV  values  were  always  lower  than  0.3,  which
ndicates  a  good  reliability.For  the  evaluation  of  subcutaneous  fatness,  the  joint
valuation  of  over-time  reproducibility  and  inter-individual
ariability  deﬁned  two  MPs  with  the  highest  consistence,
R
e
8
igure 2. Image and description of the anatomical references for the
umbers) and Measurement Points (MPs; lower case and identiﬁed by le
wine.A.  Barbero  et  al.
n  terms  of  the  Cronbach’s  alpha  coefﬁcient.  The  ﬁrst  MP
as  identiﬁed  like  a  line  perpendicular  to  the  tangent
f  the  muscle  longissimus,  from  the  muscle  to  the  cuta-
eous  surface  (A;  Fig.  2);  the  second  MP  was  deﬁned  like
 line  perpendicular  to  the  tangent  of  the  muscle  ilio-
ostalis,  from  the  muscle  to  the  cutaneous  surface  (B;
ig.  2),  The  highest  consistence  for  A  was  found  at  the
OIs  5,  6  and  7  depicted  at  Fig.  1,  whilst  the  high-
st  consistence  for  B  was  found  at  the  ROIs  4,  5  and
.
 different Regions of Interest (ROIs; upper case and identiﬁed by
tters) for MRI evaluation of subcutaneous and visceral fat in obese
MRI  in  obese  swine  843
c
a
F
R
fFigure 2. (Continued).
For  the  evaluation  of  visceral  fatness,  inter-individual
variability  was  low  but  the  consistency  of  the  MPs  was
affected  by  age  and  over-time  reproducibility.  At  the  stud-
ied  ages,  the  most  consistent  MP  was  located  at  the  level  of
the  ROI  8  depicted  at  Fig.  1.
The  evaluation  of  the  possible  relationships  between
changes  in  the  values  of  subcutaneous  and  visceral  fat
depots  at  the  different  MPs  estimated  also  showed  a  signif-
icant  effect  of  age.  There  was  a  non-signiﬁcant  correlation
between  subcutaneous  and  visceral  fat  at  4  months  old  but
signiﬁcant  relationships  at  6  and  8  months  old;  mainly,  when
T
d
bomparing  subcutaneous  fat  values  of  MP  5B  with  visceral
diposity  at  the  level  of  the  MP  8B  (P  <  0.05  for  all  of  them;
ig.  4).
elationship between MRI and zoometric data
or fatness assessmenthe  analysis  of  the  relationships  between  MRI  data  for  fat
eposition  and  zoometric  measurements  included  values  for
ody-weight,  TC  and  AC,  body-length,  body  mass  indexes
844  A.  Barbero  et  al.
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aigure 3. Changes over time in mean values (± S.E.M.) for body-w
nd d) in obese pigs.
BMI1  and  BMI2),  as  well  as  back-fat  depth  measured  by
ltrasonography.
The  body-weight  was  correlated  with  the  MPs  selected
or  measuring  subcutaneous  fat  (A  and  B  from  ROIs  5  to  8)
nly  at  8  months  old,  regardless  of  sex  (P  <  0.05).  Conversely,
ody-length  and  the  values  for  BMI1  (index  that  includes  the
ody-length  in  its  formula)  were  not  related  to  any  of  the
Ps  at  any  age.
On  the  other  hand,  zoometric  data  indicative  of  fatness
thoracic  and  abdominal  circumferences  and  BMI2  index,
hich  includes  body-volume  in  the  formula)  were  found  to
e  related  to  the  values  of  the  MPs  for  subcutaneous  and  vis-
eral  fatness.  However,  such  relationships  were  dependant
n  the  age  of  the  individuals.  In  this  way,  there  was  not  any
elationship  at  4  months  old.  At  6  months  old,  thoracic  and
bdominal  circumferences  and  BMI2  were  related  to  the  val-
es  of  subcutaneous  fatness  at  both  MPs  A  and  B  in  all  the
OIs  from  5  to  8  and  to  the  amount  of  visceral  adipose  tissue
t  the  ROI  8  (P  < 0.05  for  all  of  them).  At  8  months  old,  tho-
acic  and  abdominal  circumferences  and  BMI2  were  related
o  the  values  of  subcutaneous  fatness  at  the  same  MPs  and
OIs  than  at  6  months  old;  however,  the  relationship  with
he  amount  of  visceral  adipose  tissue  was  lost.In  summary,  the  ROIs  of  election  for  visualization  of  sub-
utaneous  data,  having  in  mind  inter-individual  variability,
ver-time  reproducibility  and  relationship  with  zoometric
ata  are  located  from  ROIs  5  to  8.  Visceral  adiposity  may
c
i
d
mt (a) and length (b) and thoracic and abdominal circumferences (c
e  equally  evaluated  from  ROIs  6  to  8.  Measurements  of
oth  subcutaneous  and  visceral  data  in  a single  scan  can
e  performed  therefore  at  ROIs  6  to  8;  however,  the  rep-
esentation  for  adiposity  was  higher  when  considering  5B  or
B  for  measuring  subcutaneous  fatness  and  8B  for  measuring
isceral  fatness  (Fig.  5).  Measurements  taken  at  MP  5B  are
ost  representative  for  thoracic  and  abdominal  circumfer-
nces  (i.e.:  for  corpulence)  whilst  measurements  at  MP  6B
re  highly  representative  of  BMI2.
Finally,  ultrasonographic  measurement  of  back-fat  depth
t  P2  point  correlated  signiﬁcantly  with  MRI  measurements
n  the  same  area,  in  the  ROIs  from  5  to  7  (P  <  0.05),  at  the
hree  ages  considered.
iscussion
he  current  study  conﬁrms  the  suitability  of  magnetic
esonance  imaging  (MRI)  for  visualizing  and  measuring  sub-
utaneous  and  visceral  adipose  tissue  during  the  juvenile
evelopment  of  obese  swine.
The  availability  of  a  non-invasive  imaging  technique
llowing  sequential  accurate  observations  of  phenotypic
hanges  in  the  same  animal  constitutes  a  major  advance
n  the  ﬁeld  since  studies  on  nutritional  condition  and  fat
eposition  have  been  traditionally  based  on  subjective  esti-
ation  by  palpation  and  physical  examination,  zoometry
MRI  in  obese  swine  
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and,  subsequently,  BMI2).  There  are  no  previous  studies  onsubcutaneous and visceral fat depots obtained by MRI in obese pigs.
and  morphological  observation  after  necropsy  or  surgery.  A
huge  body  of  knowledge  has  been  amassed  through  the  use
of  these  techniques  but,  in  some  cases,  accuracy  is  low;  in
other  cases,  their  highly  invasive  nature  makes  them  inap-
propriate  for  sequential  studies  on  the  same  animal.
The  use  of  MRI  also  improves  animal  care,  by  reducing
the  number  of  experimental  individuals  used  and  by  reﬁning
studies  in  accordance  with  Russell  and  Burch’s  3Rs  model
for  animal  research  (reﬁnement,  reduction  and  replacement
[13]).  An  additional  and  relevant  advantage  is  that,  by  using
the  same  diagnostic  and  observational  techniques  than  used
v
d
[845
n  the  clinical  practice,  MRI  will  be  especially  appropriate
o  translational  studies.
The  other  candidate  imaging  techniques,  enabling  direct
iewing  of  body  tissues  and  direct  measurements  from  the
mage,  would  be  ultrasonography  (US)  and  computed  tomo-
raphy  (CT).  US  is  commonly  used  in  practice  since  allows
 rapid  determination  of  subcutaneous  fat,  without  neces-
ity  of  immobilization  and/or  anesthesia;  however,  it  does
ot  allow  direct  measurements  of  visceral  adiposity,  when
valuation  of  visceral  adipose  tissue  is  especially  important
ue  to  its  closely  relationship  to  the  metabolic  status  and
o  obesity-associated  diseases  [14—17]. Visceral  adiposity
eeds  to  be  evaluated  by  techniques  that  enable  the  visu-
lization  of  the  entire  body;  i.e.:  CT  or  MRI.  The  procedure
or  examination  of  the  animal  is  very  similar  in  CT  and  MRI
echniques  and  both  are  adequate  for  visualization  of  subcu-
aneous  and  visceral  adipose  tissue  [1,5,9,18—20].  However,
here  is  an  important  difference;  unlike  CT  scans,  MRI  does
ot  use  ionizing  radiation.
The  main  disadvantage  of  MRI  evaluation  of  adipose  tis-
ue  (which  is  also  the  case  in  CT),  would  be  the  time
lapsed  for  immobilization,  sedation,  anesthesia  and  sub-
equent  observation  of  the  entire  body  of  the  animal.  The
haracterization,  in  our  study,  of  a  few  selected  ROIs  and
Ps,  instead  of  whole  body  imaging,  allows  to  a  markedly
ecrease  in  the  time  needed  for  anesthesia  and  scanning,
rom  35  to  10—15  minutes.  In  brief,  measurements  of  both
ubcutaneous  and  visceral  data  in  a  single  scan  can  be
erformed  at  ROIs  6  to  8  (from  the  ﬁrst  to  the  third  lum-
ar  vertebrae);  however,  the  accuracy  is  higher  at  MPs  5B
r  6B  for  measuring  subcutaneous  fatness  (at  the  cranial
argin  of  the  left  diaphragmatic  crura  or  at  the  level  of
he  ﬁrst  lumbar  vertebra,  respectively)  and  at  the  MP  8B
or  measuring  visceral  fatness  (at  the  level  of  the  third
umbar  vertebra).  The  use  of  these  MPs  provides  not  only
n  easier  and  faster  method  but  also  the  most  accurate,
onsistent  and  repeatable  procedure  for  quantiﬁcation  of
ubcutaneous  and  visceral  fat  in  successive  measurements
ver  time.
Evaluation  of  subcutaneous  adiposity  was  consistent  over
ime.  We  have  to  note  that  the  MPs  for  subcutaneous  deter-
ination  of  adiposity  by  MRI  are  coincidental  with  the  P2
oint  traditionally  used  for  measurements  of  subcutaneous
atness  in  pigs,  either  by  palpation  or  ultrasonography  or,
ore  currently,  by  CT  scanning  [21,22]. Moreover,  MRI  and
ltrasonographic  data  at  such  point  were  highly  correlated
n  the  present  work.  Thus,  we  agree  with  McEvoy  and  co-
orkers  [22]  in  that  P2  is  situated  in  a  ROI  with  low  variation
nd  optimal  correlation  with  the  total  volume  of  subcuta-
eous  fat.
Evaluation  of  visceral  adiposity,  conversely  to  subcu-
aneous  fatness,  was  affected  by  age.  There  was  a  low
onsistency  at  4  months  old,  which  we  can  hypothesize  to  be
elated  to  a  higher  rate  of  subcutaneous/visceral  fat  deposi-
ion  at  such  age.  Hypothesis  that  is  supported,  in  the  current
tudy,  by  the  lack  of  relationships  between  visceral  adiposity
t  4  months  old  and  both  subcutaneous  fatness  and  zoomet-
ic  data  (weight,  thoracic  and  abdominal  circumferencesisceral  fat  deposition  in  Iberian  pigs,  to  our  knowledge,  but
ata  from  minipigs  are  also  supporting  our  current  results
5].
846  A.  Barbero  et  al.
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Figure 5. Representative relationships (6 months old) among selected MRI values (in cm) obtained at measurement points 5B (left panels),
6B (middle panels) and 8B (right panels) and zoometric data (thoracic and abdominal circumferences in cm and BMI2) for fatness assessment
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In  conclusion,  the  current  study  characterizes  a  few
elected  ROIs  and  MPs,  instead  of  whole  body  imaging,  for
valuation  of  subcutaneous  and  visceral  fat  in  obese  swine.
hese  results  make  possible  to  dramatically  decrease  the
ime  for  anesthesia  and  scanning,  from  35  to  10—15  minutes
n  each  animal,  which  is  saving  time  and  money  and  improv-
ng  animal  welfare  in  biomedical  studies.  The  use  of  these
Ps  provides  not  only  an  easier  and  faster  method  but  also
he  most  accurate,  consistent  and  repeatable  procedure  for
equential  studies  of  adiposity  in  the  same  animals.  This  fact
eans  availability  of  reliable  longitudinal  data  without  sac-
iﬁce  or  surgery  of  the  animal,  but  it  also  means  increased
tatistical  and  translational  power  by  performing  sequential
ntra-individual  comparisons.  Furthermore,  the  procedure
escribed  in  the  present  study  can  be  directly  translated
o  any  other  swine  breed  or  to  any  other  animal  model.
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